Introduction
Biological control of weeds by using phytophagous mites may help to contain infestations and reduce their spread in time. Although, eradication is not the goal due to the vastness of the areas, the most desirable scenario is achieved when weeds are no longer a concern and no other control is necessary. However, biological control should not be considered the unique strategy to face weed problems, thus commonly; other methods are still required to attain the desired level of control.
There is an increasingly interest in using mites for biological control of weeds, primarily those belonging to Eriophyidae because of they are host-specific and often weaken the host plant affecting plant growth and reproduction. Although eriophyid mite species impact the fitness of their host plant, it is not clear how much they have contributed to reduction of the population of the target weed. In some cases, natural enemies, resistant plant genotypes, and adverse abiotic conditions have reduced the ability of eriophyid mites to control target weed populations. Besides, susceptibility of eriophyids to predators and pathogens may also prevent them from achieving population densities necessary to reduce host plant populations.
In addition to eriophyid mites, tetranychid mites are also being considered as an alternative for weed control. The gorse spider mite, Tetranychus lintearius Dufour, has shown to reduce shoot growth on gorse (Ulex europaeus L.) by around 36% in impact studies conducted over 2.5 years in Tasmania. New colonies expand rapidly and cause severe damage to gorse plants, but often do not persist in large numbers. sulfur mixture known as the Bordeaux mixture, which also was used for broadleaf weed control.
3.
Biological: Biological methods use weeds' natural antagonists as control agents. The objective of biological control is not weed eradication, but rather the reduction of the population below a level of economic or aesthetic injury.
Biological control: A weed management approach
Definition: Weed biocontrol strategies are based on the use of natural enemies to suppress the growth of a weed or to reduce its population [5] .
Main strategies of Biological Control: There are two basic strategies for implementing the biological control of weeds:
• The classical biological control which involves the introduction of foreign biological control organisms, and
• Non classical biological control including augmentative strategies, where the biological control agent is already present (native or introduced) and their population is increased by mass rearing [6] and also inundative strategies which includes releasing of large number of the agent to control the target weed. Ex. mycoherbicides [7] .
The classical biological control has three disadvantages, such as: high initial costs, limited number of natural enemies for each target weed species and inability to control the biological control agent dissemination after being released in nature [8] . In addition, successful weed control is strongly dependent on favorable conditions promoting biological control agent population increasing, thus stimulating the establishment of epiphytotics to reduce the target weed population [6] .
Classical biological control of weeds: The beginning
The first intent of classical biological control of a weed species is documented in southern India in 1863 and in Sri Lanka in 1865 with introduction of a cochineal mealybug Dactylopius ceylonicus Green against the cactus Opuntia vulgaris Mill. [9] . Although it failed, it was followed by the release in 1914 of another strain which resulted in the successful control of O. vulgaris [10] . After that, introduction of up to 30 separate insect species rendered in the successful control of common pest pear Opuntia stricta (Haw.) Haw. by the moth Cactoblastis cactorum (Berg), and of other cacti by this moth and different Dactylopius species [10] . Later, the first significant program of classical biological control, involving the import of agents following a search in the country of origin of the weed, was the program against Lantana camara L. in Hawaii. For this, 23 different insect species from Mexico were shipped to Hawaii, of which 14 were released and eight of these established to give adequate control of lantana in most areas [11] . In regard to pathogens, Australia led the world with the first deliberate introduction of a plant pathogen as a biocontrol agent, i.e. the rust Puccinia chondrillina Bubak & Syd., released in 1971 to control skeleton weed Chondrilla juncea L. [10] . Furthermore, several fungal pathogens with mycoherbicide potential (Sclerotinia sclerotiorum (Lib.) de Bary in Hyakill™ and Cercospora rodmanii Conway, named ABG-5003) have been discovered on diseased water hyacinth plants, but none has become commercially available in the market [8] .
Mites as biological control agents of weeds

Eriophyoid as biological agents of weed control
Eriophyoid mites have long been thought to have a high potential as a source for biological control agents of weeds [17] [18] [19] [20] because of their typically high degree of host plant specificity [21] . Also, eriophyoid mites can substantially damage vegetative and reproductive plant parts, thus reduce fitness of the target weed, have high reproductive rates, and disperse widely by wind, which all favor their potential to be effective biological control agents [18, [22] [23] . Despite those desirable features exhibited by eriophyoid mites, relatively few species have been introduced as classical biological control agents [19] . This could be account for the fact that relatively few species of Eriophyoidea are considered economic pests [23] , which suggests that the impact of most species would be limited by host plant resistance or tolerance, natural enemies, and adverse abiotic conditions, affecting the efficacy of biological control agents [24] .
There are about 4,000 recognized eriophyoid mite species, and about 80% of currently known species have been recorded in association with a single species of host plant [21] , suggesting that there should be a large number of prospective agents available to discover. By far, species from the genus Aceria have been widely used in biological control of weeds (Fig 2) , probably due to together with Eriophyes include about one-third of the known Eriophyoidea revealing high species diversity. The oldest cases of attempts to use eriophyid mites for biological control include Aceria chondrillae Canestrini, A. malherbae Nuzzaci and Aculus hyperici Liro. Aceria chondrillae is native to Europe and has been introduced to control C. juncea (rush skeletonweed, Asteraceae) in Australia, USA and Argentina [25] and it is considered to be the most effective of the three biological control agents that were released [26] . Table 2 . Eriophyid mites species used in biological control worldwide.
Aceria lantanae vs. Lantana camara
The lantana flower gall mite, A. lantanae is native to the Gulf of Mexico and it causes to its host plant to produce vegetative galls instead flowers. This tiny mite is about 0.15 mm long, beige and white in color. Mite feeding induces the flower bud develop into a 20-mm-diameter green gall and in high population levels mites form a mildew-like swarm on the surface of the gall. These galls act as nutrient sinks, which causes stunt vegetative growth and up to 90% reduction in seed production in susceptible varieties [31] .
Also, two leaf vagrant eriophyid mites, Shevtchenkella stefneseri Craemer and Paraphytoptus magdalenae Craemer, were described from L. camara in Paraguay and Jamaica, however, so far only A. lantanae has shown to cause symptoms that could be used to control this plant [32] .
Floracarus perrepae vs. Lygodium microphyllum
The Old World climbing fern, Lygodium microphyllum (Cav.) R. Br. (Lygodiaceae) is native to wet tropical and subtropical regions of Africa, Asia, Australia, and Oceania [33] and over recent decades has become a hugely problematic and rapidly spreading invasive weed of natural areas across much of southern Florida in the United States [34] .
Management of L. microphyllum using fire or mechanical control have been ineffective, meanwhile chemical control is expensive, and not economically sustainable over the large areas already infested [35] . Thus, biocontrol is thought to be a more promising strategy for long-term management [33] and Neomusotima conspurcatalis Warren (Lepidoptera: Crambidae) has successfully established in Florida as a biological control of L. microphyllum [36] [37] .
Also, the leaf galling mite, Floracarus perrepae Knihinicki & Boczek (Eriophyidae) has been commonly found causing damage to this fern species during extensive foreign exploration within its native range [38] . Since then, several studies have been conducted to evaluate potentiality of this eriophyid mite to effectively control fern. Although F. perrepae successful colonized L. microphyllum field populations in Florida, the observed incidence was unexpectedly low [37] . According to these authors, only 10% of L. microphyllum plants showed miteinduced leaf galls, and mite populations died out resulting in only 3% of infested plots after 12-14 months. However, the low rate of F. perrepae establishment was not due to failure of mites to transfer onto field plants but a variety of factors such as:
a. Propagule: introductions of biocontrol agents can fail to result in establishment if too few individuals are released.
b. Environmental conditions:
climatic dissimilarity between source areas and areas of introduction can result in the failure of biocontrol agents to establish. Moreover, persistent and heavy rainfall has shown to be the most important factor dislodging the dispersing F. perrepae as they attempted to settle and induce leaf rolls [38] .
c. Plant phenology: a lack of host plants of the appropriate phenological stage can also hamper agent establishment.
d. Nutritional status of the plant: nitrogen limitation can affect establishment of biocontrol agents against invasive weeds.
e. Biotic interference: predators or pathogens cause mortality or interfere with introduced weed biocontrol agents.
f. Plant susceptibility: differences in susceptibility to eriophyid mite pests exist among different varieties of the same crop species and among eriophyid weed biocontrol agents to biotypes or geographic races of their target weeds.
Distinct haplotypes of L. microphyllum and F. perrepae from populations across Southeast Asia and Australasia have been revealed from genetic testing of the fern and mite and these different genetic strains of mite and genetic forms of L. microphyllum mapped out together according to their geographic origin [39] . Thus, bioassays indicated that strains of F. perrepae performed best (were most able to induce leaf galls) on the local forms of L. microphyllum from which they were collected and presumably were best adapted [39] .
High specificity and variations in mite performance and host plant resistance could make eriophyid agents may have difficulty suppressing all forms of a weed throughout its adventive range when both resistant and susceptible weed genotypes are present [25] .
Limited broader establishment of F. perrepae strains would appear related to the apparent role of fern resistant genotypes, reflecting difficulties in weed biocontrol programs using this eriophyid mite. Hence it seems unlikely that F. perrepae will contribute substantially to suppression of L. microphyllum in Florida [36] .
Could Aceria solstitialis be a prospective biological control agent versus Centaurea solstitialis?
Yellow starthistle, Centaurea solstitialis L. (Asteraceae), is native to the northern half of the Mediterranean and currently it has invaded the western USA displacing native plant communities, reducing plant diversity and forage production for livestock and wildlife [40] . The origin site of this plant species has been explored for prospective biological control agents.
Recently an eriophyid mite, Aceria solstitialis de Lillo, Cristofaro & Kashefi was discovered damaging C. solstitialis in Turkey [41] . However, it is still unclear if A. solstitialis could be an effective biological control agent of yellow starthistle, since field and laboratory studies did not yield conclusive results on host specificity and damage level on this host plant [42] . According to these authors, mites remained live on C. solstitialis, Centaurea cyanus L., Centaurea diffusa Lam., Carthamus tinctorius L., and Cynara scolymus L. 60 days after the start of the experiment. This fact would suggest that A. solstitialis is not specific to feed on C. solstitialis. Moreover, although young and old Ce. solstitialis infested plants became yellow and withered, most of them produced flowers and seeds. Also, damage symptoms by mite feeding was verified on C. scolymus, a cultivated species thus hindering possibility of use this eriophyid mite in biological weed control programs. However more detailed studies should be addressed to determine the relationship of mite population size and time of infestation to damage host plants.
Other mite groups used in biological control of weeds
Tetranychid mites: Gorse, Ulex europaeus L. (Fabaceae), is a thorny shrub native to the temperate Atlantic coast of Europe. Gorse has proven to be an aggressive invader, forming impenetrable, largely monotypic stands that reduce access of grazing animals to fodder, modify native ecosystems and ecosystem processes, and outcompete trees in developing forests [43] , mainly in Australia, Chile, New Zealand and the USA [44] [45] [46] .
The gorse spider mite, Tetranychus lintearius (Dufour) is one of the few tetranychid mite species being used for the biological control of gorse in Australia and it is now widespread in Tasmania and Victoria and has become well established in South Australia and Western Australia [47] . Mite populations have shown rapidly increases in the countries where it was released, with colonies forming massive webs over gorse and causing severe bronzing of the foliage. However, populations of the gorse spider mite rarely cause severe damage to the target weed [48] . As previously discussed, natural control mechanisms can interfere with the establishment and development of high population densities that are considered desirable for classical biological control agents [49] . Probably, predators are the main contributors to biotic resistance of spider mites [50] . In this regard, although presence of mite colonies on gorse bushes over a period of 2.5 years from the time of release reduced foliage dry weight by around 36% in Tasmania [51] , predation of T. lintearius colonies by Stethorus sp. and Phytoseiulus persimilis Athias Henriot [52] , has limited efficacy of control of T. lintearius on gorse.
Oribatid mites: The water hyacinth, Eichhornia crassipes (Mart.) Solms (Pontederiaceae), is native of the Amazon basin [53] and whose capacity for growth and propagation causes major conservation problems with considerable socioeconomic repercussion [54] . Also, it has invaded fresh water bodies causing significant economic and ecological losses, being considered to be the worst aquatic weed in South Africa [55] . Several biocontol agents have been used to diminish ecological impact of the plant species, being Orthogalumna terebrantis Wallwork (Acari: Oribatida) one of seven biocontrol agents used against the water hyacinth in South Africa and it is currently established at 17 out of the 66 recorded water hyacinth infestation sites across the country [56] . Field observations in South Africa indicate that during summer certain water hyacinth infestations may have more than 50% of the leaf surface area damaged by mite herbivory [56] . Feeding by the nymphs of this mite forms galleries between the parallel veins of the lamina which cause leaf discoloration and desiccation when high mite populations are reached, however it has not contributed to control of the weed [12] .
Conclusions
Various studies dealing with effectiveness of mites as biological agents of weed have shown variable results; however some of them clearly have the potential to play a significant role in the classical biological control. Field and laboratory observations have shown the debilitating effect of some mite species on its target plant, opening a gate to be explored in the future. Furthermore, additional aspects as plant genotype interaction with those biological control agents and also interaction with other biological control agents such as pathogens should be addressed to complement the action of the mite agents currently established on susceptible weedy varieties in order to improve biological control programs.
